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There is interest in the materials research community in the 
development of materials for high performance, high temperature turbine 
engine design. As they are in the development stage, these materials 
are in very short supply, and it is, therefore, difficult to determine 
the most basic of material parameters. The alloys and ceramics under 
consideration are typically very brittle, and one of the critical 
material parameters needed to evaluate them is fracture toughness. 
Fracture toughness is the measure of notch sensitivity of a material and 
knowledge of this parameter allows decisions to be made about the 
inspectabi1ity and inspection requirements for the materials by 
establishing a critical crack length. Processing techniques and 
toughening mechanisms being investigated during material development can 
also be evaluated by making precise measurements of toughness changes. 
Indentation tests performed on brittle alloys and ceramics often 
lead to the formation of cracks at the indentation site. Microhardness 
testers are typically used to make the indentations. Because 
indentations can be done on specimens measuring fractions of an inch, 
this method can be used to obtain fast localized estimates of fracture 
toughness. Analysis of stress fields and fracture toughness parameters 
produced during indentation testing has been developed by Lawn and 
Fuller (1) and Shetty et al. (2). The linear mechanics relationships so 
established are formulated in terms of the critical stress intensity 
factor KIc for Mode I cracking. In addition to the separating force 
provided by the indenter, another cracking mechanism is thought to 
result from the release of residual compressive stresses which occur 
under the point of contact of the indenter. Cracking by this mechanism 
normally occurs during release of the indentation load. Cracks of this 
type are surface breaking, half-penny shaped cracks aligned with the 
points of the indenter and extending through the indentation, a geometry 
termed "radial/median" (3-5). 
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Another indentation crack geometry known as "Palmqvist" consists 
of semi-circular shaped cracks emanating from the tips of the 
indentation but not extending through or underneath it. The mechanism 
is thought be related to crack formation in materials with relatively 
high fracture toughness values. More than one crack can form during 
indentation testing. Palmqvist cracks can emanate from one or more 
indenter points, radial/median cracks can cross underneath both edge 
planes of the diamond indenter. Cracks can also form or extend after 
the indentation process is complete through environmental embrittlement 
mechanisms (3), and are sometimes observed to bifurcate and follow paths 
in relationship to the neighboring crystal structure. 
Cracks propagating in a solid generate stress waves or acoustic 
emissions (AE) which can be monitored to detect the onset and extent of 
such damage and to characterize the nature of the damage process (6). 
The standard microhardness tester loads a sample to a specified level at 
a displacement rate governed by a lever and dashpot mechanism. Cracks 
can occur at any time during the operation, but by monitoring the 
generation of AE events, the time, location and load at which cracking 
events occur can be determined (7). The actual signals generated by the 
events, if stored, can be used to characterize the nature of the 
cracking process through the application of signal processing and of 
pattern recognition techniques. Previous studies (8-10) have attempted 
to identify crack growth signals and perform discrimination between 
cracking and extraneous noise signals, but the application of these 
techniques has been limited by the availability of training sets 
representative of isolated crack growth events. 
The purpose of this study is to investigate the application of 
micro-indentation cracking on small specimen samples to quantify 
fracture toughness and cracking mechanisms in the materials. Acoustic 
emissions are monitored and waveforms are stored during the indentation 
tests in an effort to characterize crack sources as to number events, 
and amplitude. Waveforms were also examined in order to relate the 
types of events with the cracking mechanisms taking place. 
EXPERIMENT 
Four materials have been tested, including soda lime glass, 
calcium aluminosilicate, lithium aluminosilicate III, and a ceramically 
toughened (ceramed) lithium aluminosilicate. These materials were used 
to develop the emission monitoring techniques because they are brittle 
and are readily cracked with the indenter. Metal specimens are much 
more difficult to crack and were not used in these initial studies. 
The specimens were cut into wafers and ground to a 1000 grit 
surface finish, then mounted on top of the point contact area of a Bruel 
and Kjaer piezoelectric transducer type 8312. In turn this was mounted 
on the stage of a microhardness tester. Indentations were performed 
with a Vickers hardness indenter at various loading rates and for loads 
spanning 100 to 2000 grams. An 80 db gain was used for all 
measurements, and the signals were filtered to limit the bandwidth to 
between 300 kHz and 1 MHz. The signals were digitized at a 6.25 MHz 
sampling rate and selected signals were recorded onto disk. 
Different cracking morphologies were observed on the different 
materials tested. Indications of the differing mechanisms are 
distinguishable both through visual inspection and through examination 
of the arrival times and appearance of the stored acoustic emission 
signals. The soda lime glass, calcium aluminosilicate, and lithium 
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aluminosilicate all exhibited low toughness and radial/median cracking, 
with the soda lime glass having the lowest toughness value. Acoustic 
events detected in the soda lime glass and calcium aluminosilicate 
occurred after the indenter was removed from the material. AE events 
were detected during and after loading in the lithium aluminosilicate 
III. The appearance of individual cracking events for these materials 
was quite similar. A typical emission, as observed in calcium 
aluminosilicate, is shown in Figure 1. This particular specimen was 
2.54 mm thick with a sound velocity of 5800 m/sec. The separation of 
the peaks in the signal reflects the dimension of the sample and the 
time for the shear type stress wave to transit between the two faces of 
the sample. 
The arrival of 2 signals resulting from an indent on lithium 
aluminosilicate III is show in Figure 2. The events are separated in 
time, and differ in amplitudes and damping rates. The arrival time of 
the second signal in relationship to the first is not recorded, due to 
instrument limitations. In this case, 2 radial/median cracks of length 
57 and 25 microns were formed on the sample. 
A summary of the critical stress intensity levels of these 
materials as computed by the methods of Lawn and Fuller for the 
radial/median cracks and Shetty for the palmqvist cracks is shown in 
Table 1. The values obtained through indentation cracking are shown in 
comparison with stress intensity values as measured using traditional 
large specimen test techniques. 
Table 1. Material Fracture Toughness Klc, MPa_ml / 2 
Material 
LASC 
LAS3 
CAS 
SLG 
Measured(l) 
1.31 
0.80 
0.50 
0.35 
(1) Average of 4 measurements 
Reported 
1.30-1.60 
0.89-1.10 
0.60-0.70 
0.50 
The ceramed. lithium aluminosilicate is processed to obtain better 
toughness by producing a fine crystalline grain structure. The smaller 
grains disperse cracking energy over a larger surface area, making the 
material more resistant to crack growth. Indentation of this material 
produces Palmqvist type cracking, but the cracks follow tortuous 
patterns, possibly along microstructural boundaries. The crack 
dimensions are not, therefore, directly reducible to stress intensity 
levels using the linear mechanics relationships described above. The 
analysis must be approached more generally in terms of energy release 
rates, a type of analysis which is not currently within the scope of the 
program. 
The emissions detected in the ceramed lithium aluminosilicate 
occurred during loading. Crack signals continued over a period of 
seconds and included large signals generated by primary cracking events 
and environmentally assisted cracks. Figure 3 shows a typical crack 
growth signal from the loading region of the indent. The duration of 
the signal was much shorter than that observed in the glassy materials 
and the signal amplitudes returned to zero more quickly. The peak to 
peak time separation within the event envelop again reflects the 
thickness of the sample. This particular specimen material was thinner 
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Fig. 1. 
Fig. 2. 
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than the other samples, 2.34 mm, and had a higher sound velocity of 7100 
m/sec. Figure 4 shows a sequence of 4 emissions from this material and 
the sizes of the cracks thought to correspond to the individual signals. 
Where multiple cracks formed, indenter load levels were 
systematically lowered until only single cracks and single emissions 
were produced. This procedure yielded a cracking threshold for a 
particular indenter load and material. 
Within the tracking and storage limits of the current 
instrumentation, the number of emissions corresponded well with the 
number of cracks observed. In several cases, the number of emissions 
was one or two greater than the number of surface breaking cracks. The 
extra emissions are attributed to the separate emissions from sub-
surface crack formation which subsequently extended to the surface 
connected configuration or by an environmentally assisted cracking 
mechanism brought about by the moisture in the laboratory air. This 
type of delayed environmentally assisted crack extension has been 
observed by Antis et al. (3) for soda-lime glass. 
CONCLUSIONS 
The indentation cracking technique produces reasonable fracture 
toughness values for brittle materials, although the measured 
toughnesses tend to be somewhat lower than those measured by standard 
mechanical testing on full sized specimens. The low toughness values 
observed for the indentation cracks may be the result of additional 
crack extension due to environmental effects. This is supported by the 
observation of emissions over extended time periods following the 
removal of the indenter load. 
The AE monitoring is useful for identifying multiple cracking 
events, mUltiple modes of cracking, and post indentation cracking. In 
indentations which produce mUltiple cracks, events are received in a 
sequence which seems to correspond to the formation of the individual 
crack extensions. Furthermore, the AE event amplitudes seem to 
correlate with the lengths of the individual cracks. The onset of 
acoustic events has been used to establish approximate indenter load 
thresholds at which cracking occurs. The frequency content of the 
events differed between materials but seemed to be related more to 
material dimensions than to the material itself or its cracking 
mechanism, but more extensive tests using specimens of controlled 
geometry will be required to confirm this. 
Because waveforms produced by post indentation cracking are 
unaffected by indenter contact noise, the waveform parameters which they 
exhibit may be more like waveforms produced during structural crack 
propagation. Acoustic waveforms recorded from these events may be 
useful in establishing training sets for crack characterization, signal 
processing algorithms in the general case of in-situ monitoring of 
structural components. 
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